
194 DISCUSSION. [Feb. 23rd,

Mr Lamb. Mr. C. Gr. LAMB, B . S C , gave a more detailed description

of Professor Ayrton's experiments and the diagrams which

exhibited t he apparatus and results. The transformer was

placed in a calorimeter; in t he primary circuit was a dyna-

mometer , a new Ayrton and Perry voltmeter, and a w a t t m e t e r ;

in t h e secondary the re was a similar dynamometer and a Cardew

voltmeter as described by Professor Ayrton. The wat tmeter

was like t h a t mentioned by Dr. F leming, having an induction-

less h igh resistance in series with t h e shunt coils. Each

number in t he table was t h e mean of several observations.

F rom it , i t appeared t ha t when the volts in t he primary circuit

. were kep t constant t he volts in t he secondary remained constant,

the variation being about as much as in an ordinary compound

dynamo. The pr imary current was increased from *8 ampere

to 16 amperes, t h e first being when the secondary was on open

circuit, and t h e last when i t was giving out about four horse-

power : th is rise of pr imary current is due to t h e decrease in

t h e practical self-induction. The efficiency curves showed how

quickly i t rose as the secondary power was increased, till a t

t he full working power of t h e transformer i t was over 96 per

cent. Though the efficiency was low at low powers, t he actual

loss was of small importance.

Mr. Mr. J . E . H . GrORDON, B.A.: I have listened with t h e greatest
Gordon. °

interest to the very able papers that we have been favoured with
at the meeting before last, and to the very interesting discussion
that has followed upon them. I think nothing is more wonderful
than the extraordinary ingenuity which has been lavished on
these transformers during the last few years, and the extra-
ordinary development in working from the modified Kuhmkorff
coils that we used to experiment with many years ago. But
while fully appreciating the scientific interest of these things,
and fully appreciating the great practical use that has been made
of them, I cannot help having a feeling that it is a pity to see so
much ingenuity, so much skill, and so much labour lavished on
what, in my opinion—possibly I may be wrong, but really the
feeling seemed to come from the speakers themselves—can only
be intended for a makeshift, enabling us to go on until something



1888.] . DISCUSSION. • 195

better is obtained—that is, a perfect storage system. It seems a Mr.
' r ° J Gordon.

pity to spend time and money in improving the details of that
which is not to go on in the future. If I may be pardoned in
putting into a scientific discussion a word almost of auto-
biography, I would say that I am not altogether incompetent to
speak on the development of alternate-current machines, for I
suppose few people have been so deeply committed to them as I
have been, or have had to deal in actual practice with such large
ones; and yet I lately, even at the expense of abandoning every
patent that I hold, have been so far convinced of the superiority
of the method of distribution given by storage batteries that I
felt compelled to abandon what was identified as my own system^

We heard with much interest about 42-feet machines driven by
5,000-horse-power engines. It is not quite a new thing to think
of such machines, although it is a new thing to give the order for
one. I made calculations for one, and went as far as getting out
working drawings two or three years ago, and was much tempted to
go on with it. It would be delightful to see such a machine running,
and to watch the movement of such a mass of machinery going
round; but there is an old French expression, " C'est magnijique
" mais ce n'est pas la guerre." The delight would be more felt, I
imagine, by the engineers than by the shareholders. I am not
speaking of the abandonment of alternating-current machines as
if they had been failures, or as if they had not worked economically.
Our Paddington installation has worked now for two years, and in
one year we supplied 838,000 units of electricity: I am not going
to speak of the price they were supplied at, but it was an extremely
low price, and one we should not shrink from, and it is only from
reasons which I will give you in a moment (which I hope may con-
vince you) that I think the other thing is better. It is not
because alternate-current machines are bad, but because I think
something else is better, that I determined to abandon them. The
first consideration is the space that is occupied by these machines..
We know that experiments have been made by coupling a number
of small alternate-current machines together, and at the South
Foreland they were successful, but that was because they were
working on arc lamps. Many of us have tried them, and they
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Mr.1" will, on trial, work together, no doubt, but they do not work to-
gether till they have run for three or four minutes; they will in
that time jump, and that jumping will take months of life out of
the 40,000 lamps. That alone is rather a serious difficulty in
coupling machines together, and I think we may take it, in prac-
tice—I am not speaking about the laboratory or experiments—we
do not couple machines ; and we must have very big machines if
we are to have alternating-current machines to do big work. These
take up a considerable amount of space. I do not think that 10 feet
is an out-of-the-way diameter for a machine to give 200 to 250
units per hour, which is about what the Paddington machines are
doing. Mr. Crompton is making me machines for 100 units with
an armature 16 inches diameter, so that two or three of these on
one set do not occupy so much space as one of our alternating-
current machines, or anything like so much. You must, with alter-
nating-current machines, practically put them outside your town,
and bring your wires and your mains in. But with the modern
direct-current machines, and with modern engines such as my friend
Mr. Willans is making for us, you can pack your machinery so
close that you can get an immense power into a small space and
none of your neighbours be any the wiser. We are at this moment
putting in plant for 10,000 lights, but with room in the engine-
house to extend to 20,000 lights, not a quarter of a mile from
this room. The engine-house is 86 feet by 40 feet, which includes
engines, boilers, batteries, and everything else. No doubt it
may be remarked that 20,000 lights only represent a drop in the
bucket of London lighting, and we have to face the question as to
whether we are going to establish very large stations, or be
content with stations of about 20,000 lights. We all know that
one of the great advantages of central station lighting is the great
economy in management and working that is obtained by in-
creasing the number of lights worked from one station. But,
gentlemen, that increase does not go on indefinitely. If you have
about 500 lights your working cost for wages will, roughly, be
about 10s. per lamp per year. When you go up to 10,000 lights
that average is decreased to about Is. 2d. per light per year; but
after 20,000 lights you do not get any further decrease of the
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average wages per lamp, because then more machines and men are
required. If you have a number of stations working from 10,000
to 20,000 lamps, each with a direct current, there is the advantage
that the stations can be coupled together, one working at one end
of the main and the other at the other, so that if anything goes
wrong at one end the other can help it out. There are certain
definite reasons which I think will always make a number of
small direct-current machines more economical in working than
any big machine, and I will go briefly into them. The first
is a reason which I can explain better by a diagram that I
have on the wall here (Fig. 1). The demand for light is of
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course, as you know, not constant: it is very small at certain
hours and very large at other hours; the maximum demand is,
in fact, very much greater than the average demand. We have
here a curve for a purely residential district, taken from actual
figures. Hotel districts and club districts vary. The vertical
ordinates show the number of lamps on while working. The in-
stallation is wired for 20,000 lamps. The number of lamps going
is small till about 3 o'clock, when it gets dusk on a winter after-
noon ; then it rises steadily and regularly till about 7 o'clock, when
it goes up with a rush (I will explain the reason for this in a
moment) ; then it goes down, and remains pretty nearly constant
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Mr. from about 8.30 p .m. to about 10 p.m., which is t he t i m e a
Gordon. r r

good many people go to bed—the first batch. Then it sinks
gradually—you see there is apparently a great line of demarcation
of virtue—about 10 o'clock; people who sit up after 10 o'clock
seem to get reckless of hours and morality, and drop off one by
one to bed until about 2 in the morning: then the number gets
less again. Now the reason for the great rise and fall between
7 and 8 o'clock is that at that hour people go to dress for dinner,
and at the same time the servants are busy preparing the dining
rooms, and consequently bedroom and dining room lights are
required together.

We must further note that, whatever the percentage loss is
in the storage batteries, it has only to be calculated on the part
of the supply and demand curves, which do not overlap, not on
the whole area; and this is a very different matter.

Well, assume we work such a district with alternating-current
machines. We have 20,000 lamps wired. In order that there may
not be a breakdown at the busiest time, the machines must be
powerful enough for 15,000 lamps, which means that engines,
boilers, dynamos, and engine-house must all be arranged for that
size. We supply by meter; and if the supply be by meter or
by fixed contracts based upon meter, a great portion of the
machine is only earning revenue for about 1^ hours in the
24. Half the power of the machine is wasted for 12 hours out
of the 24, but the interest on the cost of that machine is going
on for the whole 24 hours. Now look what this means. If
you have a storage, and work the engines for 12 hours, the
maximum current they have to furnish can only be that for

• 4,550 lamps; and therefore for 20,000 lamps, with occasionally
15,000 lamps on at once, it is unnecessary to have machinery of
a greater capacity than 4,550. If, however, you desire to work
your engines for 24 hours, which may in some circumstances be
advisable, you must halve that: you then have something
extremely small. I suppose, in practice, what we shall do in
designing installations will be to so arrange that the engines can
be worked for 12 hours, and then as custom comes in the engine
power can be increased, or the battery power increased and the
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engines worked for longer hours. This point only deals with the g*r
#
dolu

capital cost of the plant. The next point is the efficiency of the
dynamo. Now, as Mr. Mackenzie knows—perhaps better than I
do—and as we all know, the efficiency of an alternating-current
dynamo is quite different when it is fully loaded to when it is
half loaded. If an alternating-current dynamo is used that will
give 4,000 electrical horse-power, and give a very good efficiency,
say 85 or 90 per cent.,—whatever it may be, such efficiency will
not be got, or anything like it, when the dynamo is working at
half, or a third, or even a quarter of its power. There will be a
very wasteful action in the dynamo, and not only wasteful, but
a mischievous action. But there is a much more important
point than that. Alternating-current machines, when used
direct, or even "more so when they are used with transformers,
require for their successful use that the number of alterna-
tions per second shall be sensibly constant: the speed of the
engines or dynamos must not be greatly varied; the engine must
run at very nearly the same speed whether worked at full power or
only a fraction of that power. We are " electrical engineers " now,
and not entirely electricians, so I will ask the engineers present
what the diagram of a " quadruple expansion 5,000-horse-power
" engine" will be when working at 1,500 horse-power, and at
full speed—perhaps two cylinders will be working one way and
pulling the other two along. The diagram would be a very
peculiar thing. But, putting the diagram aside for a moment,
experience perfectly shows us that a compound engine working at
full speed at a third of its power burns at least twice as much
coal per horse-power as when working at its full power. With
these smaller units that we use for storage, where we can easily
couple them together, or even with larger machines and with
storage, we work our engines at their full power until we get as
much as we want out of them, and stop. There is no working at
half power: it is either full power or stop ; and therefore we are
able to get a far greater economy than we can by working big
compound engines under their power. There is still another
reason, which I said I would allude to, for having scattered
stations placed where the engines will not be a nuisance. London
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Mr. is now being filled with great buildings, residential flats, great

hotels, and buildings of t ha t so r t ; and the best site for a station

is somewhere near one of these, where, on account of special

demands, we can, for t h e first t ime , meet the gas companies on

their own ground, and utilise our waste products. I n our

Whitehal l installation we are selling every morsel of waste

steam tha t we are generat ing, and we are not sending any

fraction of i t up the chimney, because we have a contract to

supply the whole of t he hot water required for warming t he

corridors and for the baths in the building. I do not th ink

others who supply their current from a distance could dispose of

their waste steam in the same way. I hope Mr. Mackenzie will

not th ink tha t I am t ry ing to disparage the excellent work which

his company are doing, because there is plenty of room for all of

u s ; b u t we mus t remember certain points. Statistics of t h e

l ight ing in London are not very trustworthy, but , as far as I can

get them, they show tha t there are 125,000 gas je t s to a square

of a mile. Now we are all friendly rivals, and whoever of us

proves not to be successful will have t he pleasure of educating

the public up to the use of the electric l ight and get t ing t h e m to

wire their houses, and then later on they can adopt t he most

successful system. Bu t there is no rivalry here among ourselves

between these-two systems of distribution ; these are two honest

systems, both endeavouring to do their work as in their knowledge

is best. There is another system which perhaps should be

referred to. We have heard a good deal lately about a system for

distr ibuting electricity which I th ink none of us will wish to

assist to develop more than we can he lp—that is, t he system of

distr ibuting electricity from house to house by means of circulars

in halfpenny wrappers.

Mr. Mr . E . E . CEOMPTON : M y friend Mr. Gordon has, I fear, r a the r
Crompton.

wandered from a strictly scientific discussion of Mr. Kapp's paper.
Perhaps you will check me if I wander too far in the same direc-
tion. There is some temptation to do so, as this subject of trans-
formers, viewed from the purely scientific point, as Mr. Kapp has
viewed it, is somewhat of a dry nature; and I propose to enliven it
by entering on the vexed question which I believe will be the
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question of the future—whether transforming currents of high Mr.
^ ° ° Grompton.

E.M.F. to low E.M.F. can, after all, be done best by means of the
alternating-current systems now under discussion, or by means of
batteries of accumulators used as transformers.

"With this preamble, I address myself to Mr. Mackenzie's paper.
I consider that the questions he has raised at the present moment
are of supreme importance. The company that he has been more
particularly connected with (the Grrosvenor Gallery Company) have
done a great work, and one for which everyone in the electrical
profession must thank them most heartily. They have educated
the people of London to like the electric light. But the failures
which they have made, although of great assistance to my present
argument (as I believe them to be inherent to the alternating
transformer system), in no way detract from the value of the
services rendered by that pioneer company; for they have shown
to a large circle of customers that the advantages and conveniences
of the electric light are so great that the users can afiford to put
up with failures and interruptions which, although very unpleasant,
have not apparently diminished the popularity of the light. Mr.
Mackenzie has explained some of the causes of these failures, which
I do not propose to severely criticise. He has told us that with
the alternating transformer system, as at present arranged, each
user is to a certain extent dependent on what his neighbour does:
any accident to his neighbour's transformers affects his lights,
although the machinery at the central station may be in perfect
order. This great defect must of itself necessarily increase the
. percentage of the failures of a large system; and it is a defect
from which the direct-current system worked from accumulators
is absolutely free. I have been long working at the development
of the latter system. As most of you know, I have carried out
several central stations in which currents at 400 volts have been
transformed down to currents at 100 volts to suit the lamps usually
employed in incandescent lighting, the transformation being
effected by mains carried from the terminals of four groups of
accumulators coupled up so as to be charged in series, the charging
and discharging being carried on simultaneously. I have very full
data in my possession taken from these installations, and which are
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Crom t r °^ considerable service to the present discussion. I do not propose
here to introduce questions of the cost of management of the two
systems, but to confine myself to discussing the comparative cost
of generating and distributing—that is, so far as cost of fuel,
labour, first cost, and subsequent upkeep of plant employed;
comparing also the steadiness, regularity, and freedom from break-
downs inherent to each system. Before I commence on this I wish to
point out the enormous influence Mr. Westinghouse has had in
the development of alternating-current transformers. He has
done for them what Mr. Brush did for arc lighting. You must
all of you recollect how Mr. Brush in 1880 astonished us all by
sending over well-considered sets of arc lighting plant, these
sets being so complete in every detail that they could be set to
work at a few hours' notice by unskilled workmen. By these simple
means he attracted public attention to arc lighting, and to such
an extent that it led to the disastrous speculation in electric com-
panies. People did not then stop to consider how large a share
of the first success of Mr. Brush's machinery was due to excellence
of system, and how much was due to the completeness of detail
which I have above referred to. At the present time I cannot
help thinking that people are being similarly led away to consider
that the alternating transformer is a complete solution of the dis-
tribution of the electric light. They hear that Westinghouse has
his shop full of orders, and that enormous numbers of lights on
this system are being supplied in the United States. Mr.
Westinghouse is an extraordinary man. He is one of the best
organisers of machine labour in the world; further, he has extra-
ordinary powers of pushing a new thing, as witness his celebrated
brake. I am told that the design and workmanship of the plant
that he turns out at his works are perfection. He adopts the same
system that Mr. Brush did of carrying out every detail of the
work in the shops in a most complete manner. This makes it
evidently fitted for American requirements, where, as you know, the
public is content with the roughest style of fixing, such as would
not pass muster in this country on a most second-rate installa-
tion. I admit at once that the alternating transformer system
carried out in this manner has a large field for its employment in
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such countries as America, or our Colonies, or, in fact, for any new Jf*- x
* ' ' J Cromptoru

country where wires can be run overhead, and where temporary
interruptions of the light are of secondary importance; but I do
dispute the suitability of the system for the lighting of large
cities such as London.

As I have already said, the system has served us a good turn
as a pioneer system. It enabled a station to be put down from
which overhead wires could be run in .any direction, and thus a
number of isolated customers could be supplied who otherwise
would never have even tested the electric light. I see both Mr.
Mackenzie and Mr. Kapp virtually admit that when a large
proportion of the houses are lighted a network of mains must be
laid down in the streets. I wish to know in what way these mains
can be laid down cheaper for the alternating system than for the
other. We know that a network of distributing conductors can
be laid clown in the streets at a cost of from 14s. for the smallest
useful size of conductors up to 18s. as the largest size necessary
for 100-volt direct distribution. When people talk of copper as
if copper were the only thing that has to do with the cost of
distribution, they are talking nonsense. This is not the place for
me to go into long comparative estimates for the two systems.
This I am prepared to do at another time. It is sufficient to say
that I have now figures in my possession by means of which I can
prove that the capital cost of the two systems of distribution is
nearly identical. I do not take the extreme figures taken by Mr.
Mackenzie, who talks of the distribution of 1,500 amperes at 100
volts as if this were the only method possible for systems other
than the alternating transformer one; but I take the 500 volts
we actually use at Vienna. I find, then, that so long as the
generating station is not situated more than one or two miles
distant from the centre of the district to be supplied, the capital
cost of the two systems is approximately the same. There is no
saving in using the alternating transformer system. Next, T
propose to attack the alternating system as an efficient one.' We
have heard a great deal about the efficiency of these transformers,
and there has been a fight for a few places of decimals. They
have shown very high efficiency at full loads, but I do not believe
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Mr. t h a t these efficiencies can be maintained at small loads. Fo r
C romp ton.

London lighting the transformers used would have to be large
enough to work up to the peak of the diagram shown by Mr.
Gordon; but when working in the daytime the load would be so
small that efficiency would drop to 20 per cent. Further than
this, these transformers are worked by very large dynamos. Mr.
Mackenzie talks about 5,000-horse-power dynamos, 42 feet in
diameter; and as we are elsewhere told that the full capacity of
the station is to be 200,000 lights, it appears as if the whole work
of the station could be divided over four dynamos. I should like
to know how many tons of coal per lamp these dynamos will use if
they are used for working a few lamps in the daytime. I have
made many experiments in connection with the efficiency of
engines and dynamos at low loads, and I know that there is not a
more extravagant machine on the face of the earth than a com-
pound or triple expansion engine worked at less than a third of
its full output. As Mr. Gordon has said, the low-pressure
cylinders are mere drags on the engine when it is lightly loaded.
I think, if you ask Mr. Willans, he will tell you this much better
than I can. I put it to you in this way. These big engines and
dynamos use nearly half of the coal when nearly empty that
they do when they are running full load; that is to say, if
they are using 20 tons a day when fully employed, they will take
10 when they have only one lamp on. Everybody who has
worked central stations knows these figures. Mr. Mackenzie
could corroborate them if he chose by the figures from the
Grrosvenor Grallery. I can tell you that they are now burning five
times as much coal per lamp at the Grosvenor Grallery as they are
burning at Kensington or Vienna, and solely for the reasons I
have given above—that is, that they have to run a big engine long
hours on light loads ; whereas when we are using accumulators we
can run our engines at their best efficiencies. If Sir Coutts
Lindsay had asked me to supply him with a battery system two
years ago, he would have saved enough money on his coal bill
alone to have paid for two new sets of batteries. The diagram
shown by Mr. Grordon is almost an exact copy of a series of dia-
grams which Dr. Fleming has shown to me for the first time this
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evening. They come from the Edison Company in America, and *p-.
refer to various installations. All these diagrams point out that
there are peaks of maximum lighting which lasts for a little over
an hour, and during which the demand is nearly double that of
the mean demand during lighting hours, or something like ten or
twelve times the average demand for the 24 hours. I believe
the whole pith of the economical question lies in the consideration
of load diagrams of this kind. A great deal turns on the
question that has been raised by Mr. Mackenzie whether it is
possible to run alternating machines in parallel. If this could be
done in practice, it would knock the bottom out of my arguments
as far as they apply to the want of economy of using large engines
for light loads; but I have taken great pains to ascertain whether
such parallel running has been actually carried out in practice. It
has been done in England and America, but not otherwise than
experimentally. Until alternating-current dynamos can be used
as continuous-current dynamos are now used—being switched on
to the circuit as the load rises—they can never approach the
economy in working which can be obtained from direct-current
dynamos, more particularly if the latter are used in combination
with accumulators. I think that Mr. Ferranti has practically
admitted the impossibility of putting these machines in parallel
by designing the huge machines above mentioned for his latest
station.

Mr. W. B. ESSON : Speaking after a most energetic repre- Mr- Esson-
sentative of the anti-transformer party, I wish to express my
indebtedness to Mr. Kapp for the most interesting and instructive
paper he has brought before the Society.

In dealing with this subject Mr. Kapp has introduced graphic
methods, which are always of great value to the engineer,
inasmuch as he can see at a glance exactly what is taking place,
and is able also to comprehend better the modifications in results
due to alterations in the proportions of the apparatus. Through-
out his investigations, however, Mr. Kapp assumes that the
E.M.F. impressed on the primary coils, or, rather, the E.M.F.
generated by the dynamo, is a sine function of the time;
but surely in modern machines with iron cores in their
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Mr. Esson. armatures this is not quite the case. I can believe that in a
Siemens dynamo the curve would be a sine function ; also in the
Ferranti dynamo the deviation might not be great; but in a
dynamo having iron in its armature I should say decidedly that
it would not be a sine function, nor would it be anything
approximating a sine function. I have endeavoured to map out
the magnetic field in a dynamo such as Mr. Kapp's with a disc
armature having poles on each side, and the results are shown
by the diagram on the wall, where A is a curve of sines, and B
the sort of curve you get from the machine. There is a flat part
in the middle. That part may be a little too long in the
diagram, but its length depends entirely upon the construction
and proportions. I do not say that the deviation from the true
curve of sines detracts from Mr. Kapp's method, but it certainly
modifies the results he has obtained. Both in the mathematical
and geometrical treatment something must be assumed as a
basis in the absence of experimental data. Mr. Kapp assumes
the curve of sines; and the question arises, To what extent are the
results modified by deviation from that curve ? My own view is
that no reliable comparative tests can be made without con-
structing the different types of transformers and actually trying
them on the circuits.

The point as regards the degree to which the cores of trans-
formers can be saturated is most interesting. From Mr. Kapp's
investigations it seems that the number of C.Gr.S. lines per square
centimetre is only one-half of what can be employed for saturating
the armatures of continuous-current dynamos. I should like Mr.
Kapp to tell us what is the usual weight of transformer per 60-watt
lamp ; also how many volts he gets per foot of conductor. In the
Westinghouse transformer I believe they get 2 volts per foot.

There seems to be very little difference in the construction of
the various transformers exhibited. In some the object appears to
be variation rather than improvement. I should think the
transformer of Mr. Kapp has an advantage over others, inasmuch
as it can be easily dismounted, the cover simply requiring to be
taken off for the coils to be taken out and fresh ones slipped on.
This obviates the necessity for taking the whole arrangement to
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pieces, which has to be done when the iron parts are interlaced Mr. Esson.
with the copper parts.

Leaving transformers, and coming to distribution, it seems
that there is here some little room for discussion. I understood
Mr. Bernstein last time to say that he advocated the series
system; and in his paper Mr. Mackenzie showed himself rather
favourably disposed towards it. From a table given in Mr.
Mackenzie's paper it appears that having a constant current in
the primary you have a current which is practically constant in
the secondary, and that therefore the arrangement is admirably
adapted for lighting lamps in series. So far, then, as self-
regulation goes, there is no difference between the two systems.
But when you come to the question of leads, I think the cost
would be greater in any case in the series than in the parallel
system. You have to keep the same section of conductor right
through the circuit: if you go down 100 yards to light a single
lamp, you must carry the heavy conductor with you wherever you
go; and although Mr. Kapp says that in sparsely lighted districts
the cost will be less, I cannot quite make out how this is.
Perhaps Mr. Kapp means to say that copper can be saved at the
expense of power which, if cheaper, does not in a series system
affect the regulation. But, of course, if there is the same total
weight of copper in the conductors, and the same electro-motive
force at the central station, there will be the same amount of
power lost in both systems if the current-density is similar.

As regards the dynamo of Mr. Kingdon, I am afraid I do not
think very much of it, and for a reason already referred to by Mr.
Atkinson. The magnetic circuit should not be subject to abrupt
changes of section as the machine is working, but the flow of lines
should be uniform, otherwise Foucault currents will be generated
in the magnets. I see that Mr. Mackenzie is shaking his head,
but I fancy that the machine will get hot. I should be very glad
to find it was not so, but the heating can only be kept down by
thorough lamination, which will make the machine expensive.

I am rather puzzled by the last sentence of Mr. Kapp's paper,
and I am not sure whether it is intended to be prophetic or not.
If Mr. Kapp believes that we shall really get secondary batteries

VOL. xvn. 14
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Mr. EBSOH. sufficiently improved to render lighting from them reliable, it
would be a great pity if, having the conductors all right, it was
found that at the generating station he had dynamos of the wrong
kind, and that the transformers were also useless. Therefore I
advise Mr. Kapp to give up the alternating-current system, to
put in at the generating station continuous-current high-potential
dynamos, and to use continuous-current transformers at the sub-
stations. He would then be ready for the contingency of a perfect
accumulator arising. He could charge his accumulators direct
from, the central station, or he could charge them through his
transformers. He could light his lamps from the transformers or
from the secondary batteries; under ordinary circumstances it
would be from the transformers. I do not say that the system
could be worked at such high efficiency as the alternating trans-
former system ; nor would it be so low as working from accumula-
tors alone, as advised by Mr. Crompton; but it would be somewhere
between the two, and the accumulators would be simply used as
a stand-by, being charged occasionally just to make up the
leakage, while in the absence of any casualty the lamps are fed
from the transformer.

Mr. Mr . SYDNEY EVEHSHED : Mr . Esson has an t ic ipa ted m e in h is
Bvershed,

protest against the employment of the sine function. There is
one very good reason for employing it, however, and that is, that
it is the only one which can be worked mathematically. It is
rather remarkable that the sine function is, so far as I can see,
the only one which is reversible—i.e., that the secondary current
will also be a sine function of the time. Mr. Kapp says he has
reason to think that, whatever shape the curve of E.M.F. may be,
the current will, after filtering through two or three trans-
formers, come out a true sine curve. Of course Mr. Kapp, with
his beautiful geometrical method, hoped that it would do so, but
I am afraid the facts are against him. I think the effect of
filtering it through transformers (if the original curve departs in
any way from the sine curve) will be to make it depart still
more from that curve. However, as Mr. Esson said, that does
not really detract from the merit of the method of Mr. Kapp's
paper in the least. But it does somewhat detract from the
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interest of the results obtained. Mr. Esson has been good Mr.
° E y e .

enough to give us a diagram which shows what a complicated
law a modern dynamo may follow. The Westinghouse dynamo
is also said to give, not a sine curve, but more nearly a zigzag of
straight lines. The only way I can see of attacking such a
function is to assume that it is a hyperbolic curve, and I can
only echo Mr. Kapp's wish that some one with a mathematical
tendency would investigate the subject.

If I may, I should like to say a word about a wattmeter for
use with alternate currents. Dr. Fleming described a large
wattmeter which apparently did not give very accurate results.
There is no need for a wattmeter to be large. If Dr. Fleming
were to make a wattmeter like those beautiful instruments
which he showed to the Society last year, and employed in them
a very few ampere turns (say 2 or 3) on the pressure coil, and a
large number (100 or so) on the current coil, we should have an
instrument in which there was practically no lag in the pressure
coil, and consequently it would give the true power.

Professor J. PERRY : Might I be allowed to say a word upon Profeesor

this matter of the sine curve, which is really all I have to speak Perry'
about, as I have come here as a learner, merely, on the subject of
transformers ? It has been said by Mr. Esson and by Mr. Ever-
shed that the curve is not by any means a true sine curve, and
that therefore Mr. Kapp's theory must be wrong. In this room
already I have made corrections of such statements. I understand
that Mr. Esson measured his field, and so obtained his curve for
electro-motive force in the primary circuit. Now it is easy to show
that the primary current will be more nearly a pure sine function of
the time than the E.M.F., and the secondary will approach the sine
curve more nearly still. The effect of self-induction and mutual
induction is to destroy the minor ripples, and this I will explain
on the board. [It was here explained that any periodic function
is made up of a fundamental sine function and its harmonics,
which are like ripples on a larger ivave of water, and that self-
induction causes the quicker ripples to diminish more rapidly.~]
Mr. Esson's curve has certain ripples every one of which is toned
down, and the quicker ripples tone down very much more than
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Professor the slower ones; and I do not see that it is possible by any
method of measurement of the secondary current from a trans1-
former to get anything very different from a true sine curve.
Mr. Evershed was certainly quite wrong, then, in saying that if
the E.M.F. did not follow exactly a sine law the current would
tend to depart more and more from a sine law. The reverse is
the case. At the same time it is to be remarked that the
harmonics will not entirely disappear, in comparison with the
fundamental, however great the self-induction may be. I have
assumed here that the self-induction is constant.

As this is really the subject of the paper—the investigation of
the transformer—I am not so much out of order as I thought, Sir,
I should be when I got up to speak.

The time is very late, but I should like to add a few words—
I will not take up more than two minutes—to mention to the
meeting something that suggested itself to Professor Ayrton and
myself some years ago. I always mention this to my students
when we are discussing Fourier's theorem, as it is an admirable
illustration of that theorem. Mr. Esson, Mr. Evershed, and
others have said that the current does not follow a true sine
curve. Well, there is a way of testing it, like Helmholtz's
method of investigating sound. Let us take a Siemens dyna-
mometer through one coil of which the current is passing. Let
us pass through the other coil, say the fine-wire coil, a current
from a battery which may be made to vary in a definite way, as
by the method adopted by Professor Hughes in his induction
experiments. Professor Hughes worked with a battery and a
make-and-break that could be controlled so as to vary the rate of
alternation, and this rate could be measured. Fourier's theory is
of enormous mathematical importance, and I think that it can be
put in a beautifully simple way to electricians. We have had so
much to do ourselves that we have not taken any steps to apply
the method I am describing. There is the main current in
coil A with any amount of ripples in i t ; here is the coil B through
which we pass a current with a known rate of alternation. Now,
when the rate of alternation in B reaches the rate of alternation
in A, you will have an attraction between the coils, and not till
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then. Hence, by changing the rate of make-and-break—quicken- Professor
Jr6rrj\

ing it gradually from a slow to a rapid rate—a reading is obtained
for some one rate of make-and-break, and when this is the case
you have got the mean alternation of the current without any of
the ripples. You now continue to increase the rapidity of your
make-and-break, and just when you get to twice the old rate you
will see, probably, some indication—if it is small, it means a small
ripple—of twice the ordinary alternation: measure what it is. Then
go quicker and quicker until three times the old rate: you will
then probably get another indication. You can now combine the
measured fundamental and its harmonics to obtain the actual law
of variation of the current. It will be observed that if the coils
are at right angles mutual induction will have no effect.

Mr. MORDEY said the opposition to transformer distribution Mr.
by Mr. Crompton and Mr. Gordon rather reminded him of a cer-
tain historical person who told the tide to advance no further;
but with this difference, that whereas King Canute knew the sea
would not obey him, the gentlemen who had spoken did not. He
thought there was no doubt whatever, from what had been seen,
on the other side of the Atlantic at any rate, that transformers
had a very great future before them. Mr. Crompton said that
the bottom would be knocked out of his argument if it could be
shown that small alternating-current dynamos could be used and
could be put in parallel. It was easy to knock the bottom out of
the argument. In the United States machines were being run
in parallel not only in one large station, but it had been done
across rivers. A station on one side of a river is supplying mains
connected with a network on the other side, as well as on its own
side; and when it is necessary to put more power on the mains, the
dynamos on the other side of the river are switched in. He did
not think there was any serious difficulty. There was one objec-
tion he would like to make to the conclusion of Mr. Kapp's paper,
and that was as to the use of low-tension networks with trans-
formers. It seemed to him that the great advantage they had in
transformers was that they got rid of the enormous cost of a low-
tension network. Everybody had known that the cost of the
copper in a low-tension distribution system had been a very
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Sordey s e r i ° u s item on the whole. It seemed to him that as transformers
regulated so perfectly, and as they could be made to regulate even
more perfectly than they did just in their simple state, and as
they were undoubtedly very efficient indeed for small loads, and
further, as loss in the main conductors could be at a practically
small cost rendered of no practical effect whatever,—it seemed to
him that they got rid entirely of any necessity for the distribution
network. They only wanted a distribution network that would
help one part from another when the wires of any one part were
not sufficient to carry a full current. He also disagreed with Mr.
Kapp as to the danger of having separate transformers for. every
house. It might not be necessary to put them in every house,
but he certainly thought that if some simple arrangement were'
made for cutting out a transformer when anything went wrong
with it, it was the very best thing they could do. They might
put a number of transformers right along the mains, and just one
house would be cut out and no more when the transformer in that
house went wrong. He even went so far as this, that in a big
house like a hotel he would run the mains round outside the
buildings; he would take the wires in at two or three places from
the outside, and put transformers at those points. To that
extent, perhaps, a network system might be used—that is, with
the inexpensive primary rather than the expensive secondary
conductors.

With regard to the employment of series or of parallel systems
of connection, he thought the advocates of the series connection
of transformers forgot two difficulties. One was ' that the
regulation of the constant-current system with an alternating-
current dynamo was not at all easy. He did not know that that
had been done yet. They could regulate and maintain a constant
current with a direct-current system, but for an alternating system
this problem had not been solved in practice. The regulation of
the transformer alone only solved one part of the problem. They
must have a constant current in the first place. When they had
got a constant current it had been shown in two ways—by using
lamps in series, and by using Mr. Kent's very ingenious arrange-?
ment of the impedance coils—that it was possible to regulate the
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transformer. But they had got to start with the dynamo at the Mr.
J ° J Jlordey.

station, and they had not got over that preliminary difficulty yet.
Then the second difficulty was that in a series or any other
system what limited the engineer was the E.M.F. They could
only work up to 2,000 or 3,000 volts. When they had got there
they must stop and begin to increase their leads. He thought
it was just as well to start with the parallel system, in which
there was no problem that would have to be solved as they went
on. But even if the constant alternate-current dynamo were
forthcoming—and he felt that if such a machine were necessary to
progress it would be produced—the self-regulating powers of the
s.eries system would be seriously hampered by the want of pliability
found in the arrangement and connection of the lamp leads. If
the simple series of lamps of large current and low potential were
used, the conductors would be large and troublesome ; if groups
of ordinary lamps in multiple series were employed, there were
all the old complications of multiple-series working; but single
lamps of a group could be switched off by using impedance coils,
though only with further complication and expense. Besides all
these connections, the series system would sometimes land us in
the ludicrous position of having introduced a higher difference of
potential in a house, than we had outside of it. We should
actually have to transform up instead of down from our high-
tension mains. This would be particularly the case with a primary
current of any considerable amount.

With reference to the running of the two mains close to-
gether, any necessity for so placing them applied equally to

• parallel and series work. It was thus probably not advisable to
have a large open loop of a single main out and home, as was
often done in continuous-current work. This whole question of
series or parallel connections demanded more than a passing
notice, and the present was the time when the advocates of either
system should justify their position. While admitting that for
very small work (in which, however, it would be better to employ
continuous currents) transformers in series might be used with ad-
vantage over transformers in parallel, he thought that for general
distribution paralle,! connections would become almost universal.
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Morde ^"e w a s v e r ^ ^a c* ̂ ° s e e Pr°fessor Ayrton making use of the
calorimeter method of testing the transformer. He believed
that method, even roughly carried out, could be made very
accurate. About a couple of years ago he tried an experiment
of this sort in the works of the Brush Corporation. He took
a box—an ordinary packing case—and made it water-tight, put
a resistance coil in it, sent water through it, and sent a current
through that resistance coil. He wished to measure the energy;
the current and the difference of potential, which he did not
know, being taken by independent observers. Using a bucket
to measure the amount of water passing through this rough
calorimeter, a couple of thermometers to take the temperature
of the incoming and outgoing water, a result was obtained
which worked out to within 4 per cent, of the actual energy
as shown by the independent volt and ampere readings. That
method could be easily applied as an absorption method of
testing alternating currents. Unfortunately, it could not be
used as a transmission method. It would thus be quite possible
to carry out an electrical test without any other instrument
than a thermometer. He might remark that it was advisable to
allow the water to rise to a fairly high temperature, in order to
get a large difference of the thermometer readings : this reduced
the margin of error.

It had been remarked by a previous speaker that it was
not possible to decrease the speed of alternating-current
dynamos for small loads because the alternations must be
kept the same. Might he be allowed to mention a method
by which it was possible to decrease the speed and to keep
the alternations the same ? He did not know that it was a
very practical method, but at any rate it would work on
paper. If they took an ordinary Gramme armature, and put
a laminated field to it, and sent an alternating current at a
given rate of alternation around the field, they would get
from the ordinary continuous-current machine an alternating
current with the same rate of alternations. If they kept a
constant field they would get an electro-motive force which
would be directly proportional to the speed. Thus it would be
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possible to vary the speed without changing the rate of alternation,
and to vary the current or E.M.F. by a combination of speed
and field regulation. The only thing that would be necessary
would be to have a small machine, which could be separately
driven, to excite the fields at a given rate of alternation.

He might, perhaps, mention another experiment that he had
made.. Mr. Kapp with his diagrams could at once see what was
going to take place in a transformer, but some of them could not,
and they liked to be able to see it if they could in a practical
way. He wanted to be able to get something that he could look
at that showed the lag in a transformer, and he should like to
submit his method for criticism. Perhaps Mr. Kapp would tell
him if it was a wrong method. If they were to take two trans-
formers and join, say, the high-tension coils in series and send
an alternating current through the low-tension circuit of the
first transformer from a dynamo, as in Fig. 1, then, of course,

^

FIG. 1.

they would get a current in the low-tension circuit of the second
transformer, which might be used, say, for running glow lamps,
and the momentary currents in the two coils would at the same
time be (roughly) in the same direction, as shown in the figure.
Suppose, then, that a certain difference of potential is maintained
at the terminals 1 and 2 of the first transformer, as shown by a
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Mr.
Moreley.

Cardew voltmeter, then there would be practically the same
potential difference between terminals 3 and 4 of the second
transformer, as would be shown by the voltmeter. The readings'
would not be quite alike, on account of the small loss due to the
double transformation up and down. Now, if terminals 2 and 3
were connected as in the first figure, and the voltmeter were
placed across the terminals 1 and 4, it would, if the waves abso-
lutely coincided, indicate the sum of the two previous readings ;
but if the waves did not coincide in phase the reading would be
less than the sum of the two first readings, and the amount of
this reduction might be made a measure of the difference of
phase. Instead of connecting the two coils as in the first figure,
they might be joined together and to the voltmeter, as in Fig. 2,

FIG. 2.

when it would be seen that the indication would be zero if there
was no difference of phase, any indication on the voltmeter showing
that the waves were not coincident. He had tried the experi-
ment not only with two but with six transformers, connected in
the same manner, in a series, and using the first and the last
coils of the series connected as shown, as well as with the two
windings of a single transformer, and in neither case had he been
able to find any indication of lag, not even when there were
many steps in the transformation processes. . This showed that
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the maxima and minima were reached simultaneously in the two Mr.
J Mordey.

windings of a transformer.
Owing to the very sad news (which he was sure they all deeply

regretted) of M. Graulard's mental illness, he was a little reluctant
to say anything about the theories put forward in Mr. Mackenzie's
paper, many of which were open to question. He thought, how-
ever, one could not, without protest, pass over the statement that
it was not till the views of Faraday had been proved to be
erroneous that it was found possible to make any advance in
transformer work.

Mr. P. W. WILLANS : I do not know, Sir, that I can say Mr.
Willans.

anything-upon this subject, except that I can fully corroborate
what Mr. Crompton has said as to the wastefulness of working
large engines at very low power. The decrease in efficiency
is not quite so marked in the case of condensing engines as it
is in that of non-condensing engines; but it is of the utmost
importance in both cases to work the engines at their most
economical load, which, in the case of compound engines
driving dynamos, is almost always at full power.

Mr. T. H. BLAKESLEY : I should very much like to say some-
thing upon this subject, if I may be allowed. My remarks may
not be in chronological order, but I would first refer to the
attempts at measuring the phase difference of two alternating
currents. Some years ago I gave a method of precisely measuring
this phase difference, which has met with such approbation from
Signor Gralileo Ferraris that he has done me the honour to claim
it as his own. Perhaps I may point out to you exactly what it
is. An ordinary dynamometer, as you know, is composed of two
coils, one of which is fixed, the other being movable. If those
two coils are used in series you can measure the square of your
alternating current. You can apply this method first to one of
your coils and then to the other of your coils, and then, if you
please, you can send one of the currents through one of the coils
and the other through the other. These three readings give you,
without the slightest difficulty, the cosine of the angle of phase
difference. Nothing is simpler, and nothing is easier to prove
that it is. If Mr. Kapp would try this method on the primary
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Mr. current and the secondary current in his transformer, I think,
Blakesley. J ' >

i Sir, his mind would be enlightened as to some facts which he
has put forward in connection with this subject. He has drawn a
line representing the phase of magnetisation in his case, and he
has made that correspond in phase with the resultant of the fields
produced by the currents in the secondary coil and in the primary
coil. In his Fig. 4 you will observe that 0 P is this resultant.
I say this altogether fails if hysteresis is a fact; if hysteresis is
not a fact, I have nothing more to say on the matter. But Mr.
Kapp himself owns that there is a considerable degree of hys-
teresis involved in the reversal of the polarity of a mass of iron.
I will point out what I mean. 0 J1 and J1 P together make up
something which is in the same phase as G P. Compounded, they
make up the magnetic field due to the currents—that I will allow;
but that the magnetisation phase corresponds with this resultant
I deny, and I deny it on this ground : If the magnetisation phase
coincides with 0 P, the phase of the increase of magnetisation is
at right angles to 0 P, and therefore its projection on 0 P equals
nothing at all; and therefore, as this projection should be one of
the factors of a product (representing the power of the hysteresis)
of two things, viz., the magnetic field and the increase of the
magnetisation in the magnetic field, the hysteresis itself would
be nothing. With definite hysteresis the magnetisation must
follow the field of magnetism produced by the currents. In fact,
Mr. Kapp has left out a certain line representing an induced
magnetic field due to the increase ofmagnetisatiooi itself—an effect,
I think, not very often, if at all, recognised; and if he puts that
in (in a way that perhaps it is rather too complicated to go into
now), without much difficulty he will work out his complete
figure. Inversely, without the knowledge of this one thing, viz.,
the coefficient of this hysteresis—which is, in reality, what he is
seeking—if he applies the dynamometer method to find the phase
difference of the two currents, the result will be that his figure
is again completely determinate, and that the hysteresis comes
out as a function of those dynamometer observations.

I think it is very right of Mr. Kapp to indulge in these
geometrical figures—I have done so very largely myself—but, in
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my opinion, he is wrong in tracing in the same diagram things of Mr-
an entirely different sort—fields, E.M.F., and so on. I do not
know whether those are the two that he has mixed up, but I think
he has not kept all his lines of the same sort in that diagram.
If he had been successful in his representations, perhaps I should
have had to quarrel with him on another ground, because I think
I started this geometrical method of representing phase difference
of electrical magnitudes before he took it up. But I must entirely
disclaim that triangle J1 0 P as representing the phases of the
magnetic stress and the resultant magnetisation.

Mr. A. WRIGHT : I should like to say a few words with regard Mr.
Wright

to Mr. Kapp's statement about the superiority of the core
transformer over the shell transformer. I think in this he has
lost sight of the fact that, as nearly all the heat of the transformers
is produced in the iron, the iron, being outside in the shell form,
is better able to lose its heat than in the core transformer ; and
on taking that into consideration I think he will find that the
shell is very much better than the core form.

When the iron is inside, the heat, before it can escape, has
first to warm the copper and thus increase the loss in volts; and
the sine qua non of a good transformer is a small loss in volts in
the primary and secondary, consistent with having a very small
current passing through the primary with the secondary circuit
open. In central station work it will be most important to have
a very small current indeed passing through the primary when the
secondary is open, because in the case of all-day and all-night
supply that current will mount up when there are many houses
connected on the system. I think it is very desirable to fully
investigate which form of transformer is the better, on the basis
of comparing the through current: by " through current" I mean
the current passing in the primary when the secondary circuit is.
open.

With regard to safety instruments connected to the secondary
circuit of a transformer, perhaps the simplest plan would be to
connect the secondary circuit to earth through a very high
resistance inductionless coil, and when the tension of the
secondary circuit got dangerously high the current through this
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Mr. coil could make a tumble r fall which would short-circuit t h e

secondary terminals and so cause t h e p r imary fuses to go and cu t

out that transformer from the rest of the circuit. That is simpler
than the electrometer method, and, I think, perhaps safer than
Professor Ayrton's proposal of putting the secondary circuit
straight to earth.

The practicability of putting converters outside houses is a most
important question, and I think the inherent difficulty ought to
be got over by putting the converter in cast-iron boxes with
water-tight joints, and placing a very small phial of sulphuric acid
to condense any moisture that might arise inside the box. I
think there may be danger in having a high-tension converter
inside a house, and probably the above plan would succeed, as it
doe's in other cases, such as in electrometers, where it is absolutely
necessary to get very high insulation.

With regard to Mr. Crompton's challenge about the cost
of the unit at all loads, if Mr. Mackenzie is not going into
those figures, I shall be very happy to give the figures that
we have worked out at Brighton; and I hope he will take
into consideration the enormous cost per unit for depreciation
of batteries and for attendance.

With regard to measuring the efficiency of a transformer by
means of a calorimeter, this seems to me hardly practicable with
large apparatus, as it will be very difficult indeed to put a
6-unit or 7-unit transformer into a vessel of water without
losing a great deal of heat by radiation from the surfaces of
the calorimeter.

As to Mr. Kapp's query as to the advisability of having
one transformer to every house, or one to many houses, this,
I think, depends very much upon how the houses of the con-
sumers are situated. In systems of electric lighting it will
be very difficult for the next two or three years to get a number
of consumers close together. If two or three consumers can
be got close together, it would then be well to put one converter
for that group; but for many years to come I do not think
this will generally be the case, and we shall have to put separate
converters for every house for some time yet.
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Mr. W. L. MADGEN: Mr. Mackenzie has. stated that it was Mr.
not until M. Gaulard had discovered that induction apparatus Iadg9n*
based upon the theory founded by Faraday were not suitable
that success crowned their efforts. Perhaps he will say more
particularly what he meant by that. The reason I refer to it is
that some time before, I understand, Messrs. Graulard & Gibbs
commenced their experiments Jablochkoff had done a very great
deal in connection with this question. Mr. Mackenzie went so
far as to admit that Jablochkoff, Sir Charles Bright, and a
few others had given some attention to the matter; but I
think he hardly did Jablochkoff sufficient justice. There is a
drawing before the meeting of Jablochkoff s transformer of 1877.
It is not very clear, because it was hastily prepared; but it will be
seen that it combines various very important points, among them
being the closed magnetic circuit. In that year the closed mag-
netic circuit was considered by him the best form—long before
the later period of 1885 referred to. All the modern types of
transformers seem to be very much alike.

Eeferring to the Westinghouse transformer, several good
things have come from America; and not unfrequently, I suppose,
one may go from here. The reason I mention that is because
of the strong resemblance between the Westinghouse and the
Kapp transformer. Probably the most ingenious modern appli-
ances in connection with transformers are the choking coils of
Messrs. Sharp & Kent.

A perfect secondary battery was referred to by Mr. Esson
as being a " contingency." That, taken in connection with Mr.
Crompton's remarks, sounds rather peculiar.

Professor SILVANUS P. THOMPSON: I have read Mr. Kapp'sprOfessor
paper with very much pleasure. I cannot pretend to discuss it Thompson-
at this late hour, but I would like to say that' I very much
appreciate the particular way in which Mr. Kapp has handled
those geometrical diagrams; and it seems to me that Mr. Blakesley
did not quite understand one point in those diagrams—as to what
the line 0 P represented: it did not represent current at all, but
it represented the resultant magnetisation due to the two cur-
rents. Although I very highly appreciate the good work that Mr.
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Professor Blakesley did three or four years ago in applying this problem
for alternate currents, I think we ought to acknowledge our
indebtedness to a still older source for the use of this kind of
diagram to represent the composition of harmonically varying
quantities, for many of us learned the method from Thomson and
Tait's treatise on " Natural Philosophy " many years ago.

I cannot quite agree with Mr. Kapp in dividing transformers
into " core" and " shell" transformers. Where does one class
begin, and where does the other end ? When does a core become
a shell, and when does a shell become a core ?

It seems to me that, given the one essential fact that the
iron circuit must interlace through the copper circuit, there may
be any number of intermediate forms between the one extreme,
where all the exterior surface of the iron is covered with copper,
and the other extreme, where all the exterior surface of copper is
covered with iron. I suppose the single iron ring inserted
through the copper circuit, as in Mr. Kapp's Fig. 1, is a core
transformer. What is it if there are two iron rings ? Does open-
ing apart the two iron rings at right angles to one another change
the core into a shell ? I cannot see that such transformers as
Westinghouse's or Mordey's are of the shell type rather than of
the core type. I must confess that the attempt at drawing a
distinction is a little foggy. All the same, I wish to express my
indebtedness to Mr. Kapp for the excellent way in which he has
put this subject before us, and has added solid matter to our
knowledge of the subject, and for the very impartial manner in
which he has distributed his favours to the various rivals in the
race for improvement.

I wish I could say the same of Mr. Mackenzie's paper. I
must confess that I find in it much to severely criticise. That
statement that the theory founded by Faraday had to be
abandoned is simply untrue.

Mr. MACKENZIE : Excuse me; a misprint has occurred: instead
of " and exemplified by Ruhmkorff," it should read, " as exempli-
" fied by Ruhmkorff."

Professor S. P. THOMPSON : Then what does Mr. Mackenzie
mean by talking of the '• Ruhmkorff and Faraday type " only two
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lines farther down in his paper ? What can it mean, when we all Professor
r L • Thompson.

know that the " secondary generator " depicted in the very first
patent specification of M. Graulard is simply an induction coil of
Kuhmkorff type ? However, I do not wish to dwell too long on
that point.

Again, what is the result of dividing the things into a
class of Graulard type and one of non-Graulard type ? I see here,
in Mr. Mackenzie's j>aper, that " Cfaulard type " means that the
secondary is placed " in an identical position in regard to the iron
" core with the primary; " and, as far as Mr. Mackenzie's drawings
go, they show that there should be one turn of the primary
between each turn of the secondary wire. If that is not meant,
and if one turn of primary is put to ten of secondary, or vice versa,
I do not see any distinction from anybody else's form of trans-
former. I used to be told that here was the difference between a
secondary generator and an induction coil: that in an induction
coil the coils were wound in the usual Kuhrnkorff way, but in a
secondary generator there was a series of flat copper washers for
the primary, lying each between a similar set for the secondary.
That was a distinction in construction, but now it seems that that
is not to be the distinction, and it is not at all clear what is the
distinction between M. Gaulard's form and any other forms.

There are other points which I do not like to criticise too
severely, but I must go into one point. It is stated that " when
" Graulard & Gfibbs first exhibited their system at the Westminster
" Aquarium, in 1883, only one transformer was there shown at work,
" and this was consequently either in series or parallel with the
" dynamo." What does " in parallel " mean when applied to two
things electrically connected ? It means that the current has
alternative routes, and may divide at a certain point, part of the
current flowing through both these things, and then reuniting at
a point beyond both. Do you mean to say that when one dynamo
is joined to one transformer they are in parallel ? They are in
series. It is a misleading statement to say that such a system
can be in parallel. With that sample of the paper I will leave it.

JSTOW I come to the remarks of Mr. Crompton, that I really feel
ought not to go unchallenged. There is a curious and misleading

VOL. XVII. 15
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Professor assumption underlying his arguments. He says we must work at
something under 500 volts. All his argument is based on that
assumption. Why does he not take 5,000 volts or 10,000 volts ?
Because his dynamos will not do that. Fancy 2,000 volts on an
ordinary commutator made up of parallel bars, insulated with half-
millimetre mica. We know it may last for a trial run, but for
how many years will it last ? We have to find out some other
means for working with a potential of 5,000 volts or 10,000 volts.
Mr. Crompton has good reasons for limiting it to the potential
of distribution that he adopts.

Mr. J. E. H. G-OBDON : How about the Brush machine ?.
Professor S. P. THOMPSON : The collector is quite different.

So is that of the Thomson-Houston machine; so are those
of the alternate-current machines that will work at 2,000, 3,000,
or 5,000 volts. Mr. Crompton limits them to 500 volts.

Mr. E. E. CROMPTON : Why should you not use that ?
Professor S. P. THOMPSON : Because it is obvious that the

main reason for transforming is to take advantage of the economy
of distribution at a high potential.

Mr. J. E. H. GrORDON : Everything is as the square of the
volts, and you have got the limit already.

Professor S. P. THOMPSON : Yes; but it is found possible
to go farther with alternating-current machines. There is a
second assumption underlying Mr. Crompton's argument—that
alternating-current machines are not to be compared with con-
tinuous-current ones: they take up so , much room, they are
not so economical, and will not work in parallel. I am afraid
that Mr. Crompton is not up to the latest information about
alternate-current machines, or he would not say what he does.
I happen to know that there are new alternate-current machines
—and we may hear of them in this room soon—as much better
than one common alternate machines as the new continuous-
current machines are better than those of five years ago. The
same kind of improvements have been introduced, with the same
happy results. As to machines not working in parallel, we
have had indications enough on this point in this room to-night
that this not an insuperable difficulty.
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As to the sine function, I have pointed out on more than Pr
7 x Thompson.

one occasion that the question of the curve obtained as the curve
of induction in the machine is a question of the shape of the pole-
pieces. It is perfectly true that the self-induction of the circuits,
in every part of them, acts, as I have said before, as a " harmonic
" fly-wheel," to flatten down the ripples, and tends to make the
wave approximate more nearly to a true harmonic period. • With
all due deference to Mr. Esson's curve, it is perfectly clear, if the
machine gave that curve for its curve of induction, that its pole-
pieces might have been better designed.

I would like to say that I have no great love for alternating
currents. If I have differed from Mr. Crompton to-night, it is
not because I do not think storage is itself, in the abstract, a
great deal better ; but I do not, in this state of things, want to
see any difficulties unnecessarily put in the way of the fullest and
most complete trial being given for the system of distributing
alternating currents by transformers.

Lastly, I am very sorry that I have not heard to-night any
mention made of continuous-current transformers: I mean motor
dynamos. They appear to me to have obtained a real success.
I am sorry we have not had some contribution from Messrs. Paris
and Scott in this debate, to tell us how they carry out their
system, because we know so little about these machines. One
extraordinary property they have is that when they are doing
their work properly the currents in the incoming coil of the
armature and that in the outgoing coil neutralise one another's
self-induction. There is a mutual induction between the two,
and, as a result, here, as in the alternate-current transformers, the
self-inductions of the two separate coils are practically wiped out
by the mutual induction between the two. The consequence is
that these machines hardly spark at all when doing their heaviest
work.

It is clear that in all directions distribution by means of
transformers is the order of the day, whether it be by alternate-
current machines on the one hand, or by accumulators on
the other, or, thirdly, by motor dynamos. It is clear that we
have to study this question of transformation in all its bearings
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Professor for the basis of immediate economic distribution of electric
Thompson.

energy.
Mr. Money- Mr. J. M. V. MONEY-KENT : There are many points in Mr.

Mackenzie's paper that I do not understand, but particularly I
should like to ask him what he means when he says that " the
" value of the secondary circuit [presumably the current] varies
" directly as the square of the primary current." This surely is
not the case.

As regards my device for shielding the secondary circuit from
the primary, perhaps I had better explain that this shield is not a
bare copper band connected to earth inviting the primary to leak
into it, but a heavily insulated band, and so arranged with respect
to the two coils that, should there be any tendency on the part of
the primary to leak, it would leak into the shield before it got to
the secondary coil. Suppose such a leak does take place, what
happens ? Why, if there is any other leak on the circuit, an
excessive current flows through the two leaky transformers, the
cut-outs melt, and the transformers are cut out of circuit. Next
suppose the primary leaks into the shield and also into the
secondary. Well, then we only arrive at Professor Ayrton's
suggestion of earthing the secondary. And yet he thinks his plan
simpler! Sir, I consider the practice of earthing the secondary
would be very reprehensible.

As regards supplementary devices, I may say that I have
sketched out several to be inserted in the earth wire—that
is, between the shield and the earth—some of which might be
made to indicate a leak or ring an alarm if a leak occured.

Coming now to Mr. Kapp's paper, I do not at all agree with
nim as regards series working. I thoroughly endorse all Mr.
Bernstein has said on the subject. There are three distinct ways
of obtaining self-regulation when the primary coils of the trans-
formers are in series—

1st. By putting all the lamps in.series on Mr. Bernstein's
system.

2nd. By the use of what have been called our "choking" coils,
or what we prefer to call " induction " coils.

3rd. By building up the transformer in sections, so far as
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the core of the secondary is concerned, and connecting Mr. Money,
each lamp or group of lamps to its separate section.

The first and third of these methods is admirable for small or
medium sized transformers, and the third will do for any size.
All three are perfectly self-regulating. As the second method
has been described elsewhere,T will not take up your time with it
here.

From our experiments we find that an induction of 5,000 is
quite high enough for satisfactory working.

The PRESIDENT : The time is very late, and it is necessary to TI>O
J ' J Prt'Eident.

close the discussion. Perhaps Mr. Kapp will be able to now give
us his reply ?

Mr. OrlSBERT KAPP, in reply, said: In the first place, I will Mr.
answer Professor S. P. Thompson's question as to the distinction
between core and shell transformers. The explanation of these
terms, as already given in the paper, is this: A shell transformer
has one set of coils and two cores or more; a core transformer has
one core and two sets of coils or more.

Mr. Wright remarked that the shell transformer is the better
type. I quite agree with him, and that is the reason why I have
adopted this type for my own transformers. The original Ziper-
nowski transformer has, however, the worst possible arrangement
of shell and coils, and is actually inferior to an ordinary Gramme
ring. As at first introduced it was a shell transformer of circular
ring shape, and has now been abandoned even by its inventor,
who, in his modern transformers, puts the iron inside and the
copper outside.

A very interesting experiment was described by Mr. Mordey,
showing that there is practically no lag in transformers, and thus
confirming the statement in the paper that the angle a in my
diagram, when the transformer is worked with a' fairly large output,
is very small—perhaps one or two degrees—so that the cosine of
this angle is very nearly unity. Even when a large number of
transformers are coupled together, no appreciable difference of
phase is obtained. There must, of course, be a certain difference,
bub the errors of the measuring instruments seem to have been
greater than this difference, and therefore Mr, Mordey appears
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Mr. Kapp. to have obtained the exact sum of the separate electro-motive
forces.

Mr. Mordey objects to a secondary network of mains on the
ground of expense, and would prefer to bring the light high-
tension wires right on to the premises of subscribers. I object to
putting transformers into the houses simply on account of safety.
I hold that, whatever we do, we must study safety before the cost
of installation^ the coal bill, and every other consideration. As
long as you have high-tension wires and transformers in the houses
more or less within reach of the inmates, they are not safe. That
is the reason why I advocate putting transformers outside of the
houses, and arranged to feed a secondary low-tension network of
rnains. We would also have the further advantage that, when one
transformer broke down, the houses ordinarily supplied by it
would not be put in darkness. In any system of direct supply
you are bound to have a network, but instead of using the huge
mains which Professor Forbes brought before us some years ago,
and which are necessary where the feeding points are far apart,
we need only have mains of comparatively small section, because
we can multiply the feeding points to any convenient extent.
Tt will thus be quite possible to use Mr. Crompton's mains, which
he told us to-night cost only 14s. 6d. a yard. To sum up, these
are the two reasons why I advocate distribution by a low-tension
secondary network: First, absolute safety; and next, the possi-
bility of arranging for constant pressure without excessive weight
of copper. There is, however, also a third reason, viz., if you
have the network once laid down, you can use it wThen the happy
day arrives that you have a perfect storage battery.

A question was asked' by Mr. Esson about the weight of trans-
formers in relation to their output. That depends entirely upon
the size. This transformer now before you weighs 1^ lbs. for
every lamp; the transformer which Professor Ayrton tested
weighs 2 lbs. for every lamp; and a 500-lamp transformer would
weigh a little over 1 lb. per lamp.

I now come to the remarks of Mr. Grordon and of Mr.
Crompton. I must confess that when I heard those two gentle-
men speak I began to feel very doubtful whether, after all, we
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were not wasting labour on a hopeless problem. I was, how- Mr.

ever, comforted by the idea that, supposing even such men
as Edison, Brush, or Westinghouse, had been sitting here,
their case would not have been 'much better. If the arguments
in favour of storage batteries could have carried conviction
to their minds, they would have gone home resolved never to
put up another central station again on the direct-supply system.
But I think we may take it for granted that their previous
experience would have saved them from falling into this despon-
dent mood, for what are the facts ? How many battery stations
are running in the world, and how many direct-supply stations ?
I know of a very small battery station, in London and of two larger
ones on the Continent—one in Berlin and the other in Vienna.
On the other hand, the number of direct-supply stations now at
work is very large. I cannot give you the exact number, but
think in America there are something like 1,000, and on the
Continent of Europe there are perhaps 100 or 150. In England
there are about 14. All these are working without batteries, and
are therefore open to the criticism that their machinery must be
capable of supplying the extra demand which we see in Mr.
Gordon's diagram. But this diagram illustrates a bad case. You
can only have such a condition of things when you have to light
the same class of houses throughout the 'district. But in London
we never have districts so defined : we have residential mansions,
offices, warehouses, shops, and humbler dwellings all more or less
within the area which would have to be supplied from one station;
so that, although in this diagram the condition of supply looks
very unfavourable, you will scarcely ever have to meet such a case.
But, granting that so exceptional a case should be met with in
some London district, in what way is Mr. Crompton better off
than we are ? He has to supply this extra amount of light for a
short time, and must therefore provide battery power accordingly.
My argument is simply this. To meet any exceptional demand
we have to put up more machinery, and he has to put up more
batteries. Now, inasmuch as for equal output batteries are more
expensive than boilers, engines, and dynamos, he would be rather
worse off than we should be.
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Mr. Kapp. v I am not against batteries in any way: I would hail the day
with delight when we got a good battery; but all the arguments
that were used to-night by Mr. Crompton and by Mr. Gordon
might have been used with, equal consistency three years ago.
We had batteries then; we had very good direct-acting steam
engines and dynamos: why did not the advocates of batteries
come forward then and use them for central station lighting ?

Mr. CROMPTON : We had no good battery.
Mr. GriSBERT KAPP : Have we a good battery now ? Most ol

us have seen the batteries at the Colonial Exhibition, and the
report on their performance. These batteries were supervised by
an efficient staff, and yet gave only an efficiency of 60 per cent.
No transformer need work at so low an efficiency, because we can
always arrange to work the transformers at a reasonable output,
say not less than one-third of the maximum. If the consump-
tion of current in the secondary network decreases beyond a
certain point, all we have to do is to switch off the current from
certain of the primary feeders, leaving the work to be done by the
remaining feeders and transformers.

The point about running dynamos in parallel has already been
answered, and that disposes of the argument about having a
big compound engine to do little work. You would subdivide
the engine and dynamo power into convenient unit sets, and use
as many sets as correspond to the consumption of current at any
time.

I should like to say a few words about the question of dynamos.
I am afraid you will go away with an erroneous impression regard-
ing the size of alternate-current machines if you take Mr. Grordon's
figures. He mentioned a machine for 200 kilowatts, with an
armature 10 feet in diameter. Now the machine a jDhotograph
of which was shown last Thursday is a 60-kilowatt machine, and
has an armature 40 inches in diameter by 3 | inches wide. If
you build a machine on the same lines with a 5-foot armature, it
will give 200 kilowatts, and would weigh about 80 lbs. per horse-
power, which is less than a continuous-current machine.

I come now to the discussion of lastThursday.
The calorirnetric measurements of Professor Ayrton are very
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interesting, and, as far as I know, they are the first experiments Mr.
of this kind that have been, made with transformers. There i s ,
one point to which attention should be paid. The temperature
of the room in which the calorimeter is used should be about the
mean temperature of the incoming and outflowing stream of
water, so that the radiation of heat to or from the calorimeter
may be nothing. That can be always done, because you can
regulate the rate of flow. Suppose the room is 15° C.: if the
incoming water is 10° C , the flow can be regulated so that the
outgoing water has a temperature of 20° C. Then the mean
temperature of the water in the calorimeter would be the same
as that of the room, and no heat would be given to, nor heat
abstracted from, the calorimeter. I am told by Professor Ayrton
that that precaution was adopted.

Several speakers to-night, and also last Thursday, dealt with
the question of magnetic lag. They say there is magnetic lag.
I think there is not. My reason for so thinking is that if there
were magnetic lag i t is difficult to see how any telephone could
articulate. If there were lag, the lower the voice going through
the telephone the less distorted would be the articulation. Now,
as a matter of fact, the telephone transmits high voices better
than low voices, notwithstanding the fact that high voices have
quick waves and should therefore be more distorted by the lag.

Objections were raised by Captain Cardew and Mr. Bernstein
to the safety device which is put between the two coils on our
transformer, and Mr. Bernstein characterised it as something
which leads the primary current into temptation. Now what is this
temptation ? I t consists in the presence of a metal sheet outside
the primary coil, but between this sheet and the primary coil
there is insulation. Now in what way does this differ from the
temptation which exists in a transformer having no such sheet ?
You have metal in the secondary coils, and you have insulation
between it and the primary, which is just the same th ing ; and in
what way is the strain brought on the insulation of the primary
greater on account of this dividing sheet than the strain which is
already occasioned by the presence of the core itself ? You are
bound to have iron somewhere, and whether you have i t on the
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Mr. Kapp. inside or outside the strain on the insulation is just the same.
For these reasons I believe Mr. Bernstein's objection is really a
sentimental one.

A very interesting question was asked by Mr. Bernstein as to
the comparative efficiency of series and parallel transformers when
the output is varied. That depends entirely upon the ratio
between the waste in the iron and in the copper at full output. In
a transformer for constant pressure—that is, for parallel working—
the magnetisation of the iron is a constant, and therefore the heat
generated in the iron is a constant for all loads, but that
generated in the copper decreases with the load. When trans-
formers are worked in series, the magnetisation, and therefore the
heat generated in the iron, is proportional to the output, but the
heat generated in the copper is a constant. If we have two
transformers—one series, the other parallel—in which the heats
generated in copper and iron at full output are equal, then the
efficiencies will also be equal for full load and approximately equal
for all loads ; but, inasmuch as the heat of iron is generally greater
than the heat of copper, the series transformer will be slightly
better in efficiency for small loads.

Dr. Fleming suggested that experiments should be made to
ascertain the permeability of iron at different periodicities. That
would be interesting in itself, but a much more important investi-
gation would be that dealing with the heat generated in iron at
different degrees of magnetisation and different periodicities. It
is this question of viscous hysteresis which regulates the design of
transformers. If we only could magnetise our core more than we
do now without producing more heat, we could make transformers
which would be exceedingly small for their output.

In conclusion, I would refer to the general question of storage
batteries against transformers. I advocate at present the adoption
of alternating plant simply because I have no confidence in
batteries. If secondary batteries were perfect, or even fairly
reliable, I should never dream of putting down alternating-current
transformers; and to provide for the day when batteries will have
become sufficiently improved for use in central station work I
think it will be wise now to put down our alternating-current
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plant in such a manner that most of it can be used later on. Let Mr. Kapp.
us see what, under the programme I have sketched out in the
paper, we would have to discard, and what we could retain. We
could retain our boilers, engines, and station buildings, the whole
of the feeders, the whole of the secondary distributing network,
and all the wiring and fittings within the houses. We would have
to discard the alternating-current dynamos and the transformers,
both of which together will not come to more than 10s. a lamp
fixed. The fitting of a lamp in private houses will cost from 30s.
to 35s., the conductors in the streets would cost something like
30s. per lamp, and the station buildings, boilers, and engines
another 30s. at least. The total outlay may be taken as about
£5 x̂ er lamp fixed, in which sum that portion of the plant which
might eventually have to be discarded figures with only 10s.

You will see I do not advocate the adoption of a system which
will be altogether wrong in a few years. I advocate a system not
only workable for the present, but which, with a very slight
sacrifice, will be good for the day when storage batteries have
become sufficiently improved to be fit for use in connection with
long-distance central station lighting.

Mr. J. KENNETH D. MACKENZIE, in reply, said: It is so late Mr.
*• J ' Mackenzie.

now that I shall not be able to reply to half the questions and
remarks that have been raised on my paper.

On Thursday last Professor Ayrton asked for some informa-
tion about the regulating coils that he believed we used at the
G-rosvenor Grallery for the purpose of maintaining a constant
potential in the secondary when we were running the trans-
formers in series. Several were made, and tried at different
parts of the outside circuit. They consisted of fine-wire coils,
with a core formed of a bundle of fine iron wires, which could be
pulled out more or less by hand as the lamps were turned off
and on, and were placed as a shunt in some instances across the
poles of the primary, in others across those of the secondary; but
the general result was to burn the coils up, and they were done
away with. We were in rather a fix at the time, as constant
complaints were being made regarding the variation of the
lamps as they were turned off and on; and any suggestion made
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Mr. was t r ied in order to ge t some sort of regulat ion, so long as t h e
Mackenzie.

generators were kept m series. The regulating apparatus at the
central station for keeping the current constant on the line was
also incomplete, and as we were getting ready to run the trans-
formers in parallel, any expedient that might have helped us to
" run along " was tried.

Mr. Bernstein has suggested that his fusible contact plugs
would serve as a means of putting the secondaries to earth should
the potential rise beyond what was proper, and I think that such
an arrangement might be quite feasible, and act, perhaps, quite
as well as Captain Cardew's contrivance, which I think most
ingenious, and excellent for the purpose for which it is intended;
but I do not at all hold with the plan of putting secondaries to
earth, for many reasons already brought forward by some of
the previous speakers, as I think it a most dangerous pro-
ceeding.

Mr. Atkinson said that he did not know that Ferranti's
dynamos had any iron in their armatures, or that alternating-
current machines ever employed iron for this purpose. I myself
have not seen Ferranti's largest dynamo, but I was told not very
long ago that there was a considerable amount of iron in it, and
that, in fact, all the machines now made for central stations by
that maker contained a very large amount of iron in their
armatures. Certainly it is so used in the Westinghouse dynamo,
but as I have never worked with an alternating dynamo having
iron in the armature, I cannot say what the results would be
regarding regulation, as I have before remarked in my paper.

Mr. Atkinson also made some remarks about the Kingdon
dynamo, and I expected Professor Silvanus Thompson would
have mentioned it as well, since it is a modification of an idea of
his. The results that we have had so far with the dynamo Mr.
Kingdon is having built to show the idea, have been very satis-
factory ; and although someone—I think it was Mr. Esson—said
he was afraid that heating would result, we have not experienced
any; in fact, it is the coolest dynamo I have ever seen, probably
on account of its great size, and the amount of air space between
the bobbins: everything is so open and free of access to the air,
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and all the iron acted upon electrically is laminated as much as ^*-ckenzie#

possible.
Mr. W. M. MORDEY : What is the size ?
Mr. KENNETH MACKENZIE : 50 horse-power.
Mr. W. M. MOEDEY : For what ?
Mr. KENNETH MACKENZIE: It is a 3,000-volt and 12-ampere

machine, designed for central station lighting. It is, of course,
so far experimental; but we wanted to see on a practical scale
what the idea is worth, and put it into the hands of an engineer-
ing firm, not electrical engineers, to build.

I think, when we have to use dynamos of any size in central
stations, that they should not be quick-running machines, and
that the idea of a wireless armature is a good one.

Mr. Kingdon, in stating that the fly-wheel of an engine would
form part of his machine, did not intend to convey the impression
that existing engines were preferably to be so altered, but that in
designing a dynamo for a central station the fly-wheel of the
engine—necessary in any case to ensure steady running—would be
made to form part of the dynamo, and thus combine two functions
in one. The object of arranging the machines into various cir-
cuits, so as to admit of alterations in the coupling, is obvious,
since bobbins can be cut out of circuit as the output diminishes,
thus working the remainder at their maximum. There are many
reasons why it would be advantageous to be able to alter the con-
nections of the bobbins, but the want of time prevents me going
into the matter.

In answering Mr. Crompton's request to give him information •
regarding the efficiency of the transformer system, I think that
Mr. Crompton is at present asking for rather too much. As
regards the saving of copper used by the employment of this
system, reference to the diagram on the wall (Fig. 22) will make
this clear; and I think that many of the objections that have been
raised by Mr. Crompton have been met and successfully answered
by several speakers this evening. Mr. Crompton, in his remarks,
stated that if it were possible to run alternating-current machines
in parallel, working only a few when the supply was small, and
throwing fresh machines into the line to meet the increased
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Mr. demand, t hen " t he bot tom was knocked out of his argument."'

Mr. Mordey qui te r ight ly stated t h a t this was done, and done in

practice with perfect r e su l t s ; so Mr. Crompton may consider his

a rgument to be bot tomless! Generally speaking, t he method

adopted in t he States is as follows:—Two glow lamps are, on t h e

switch-board, connected to t he two circuits, one to t he dynamo or

dynamos supplying the l ine, and the other to t he machine to be

thrown in. If t he phases of t he two supplies are dissimilar, t h e

lamps will a t a given moment be of unequal brightness, each

varying from full brightness to nothing—out , in fact—and their

periods of variation will be closer or farther apart according as

t h e speed of the two supplying circuit machines. Now, depending

upon the poles of the dynamos and how they are to be connected,

all t h a t is necessary is to wait un t i l t h e two lamps are ei ther both

out or both at full brilliancy a t t he same t ime , and a t t ha t period

t h e y show t h a t t h e phases are equa l ; and t h e fresh machine, on

being switched into l ine, drops natural ly and quietly in to i ts

proper position, without, I believe, a " b l i n k " on the lamps. This

is a rough idea of how i t is done, and I hope Mr. Crompton will

now th ink a l i t t le bet ter of t h e capabilities of t h e a l ternat ing-

current transformer system.

There is no gainsaying t h e fact t h a t t h e transformer system

has made tremendous way, and this would never have been t h e

case had not t h e system possessed meri ts placing i t before all

others for t he general distribution of electricity. I qui te expect

to see Mr. Crompton before very long becoming as warm an

advocate of t he transformer system as he was not many years ago

an opponent of electrical distribution by secondary batteries.

Mr. Gordon has gone very fully into t h e relative merits of

t h e two systems, b u t he has been answered by several gent lemen

who have joined in t he discussion this evening, and I am afraid

I cannot al together agree with t h e conclusions Mr. Gordon has

arrived at .

Professor Silvanus Thompson, as well as Mr. Mordey and

Mr. Madgen, have called a t tent ion to m y s ta tement on page 1

regarding t h e Faradaic theory. I wish to point out t ha t t h e

words "and exemplified by Kuhmkorff" should be "as exem-



1883.] DISCUSSION. 237

" plified by Kuhmkorff;" M. Gaulard never having dreamed of Mr.
• Mackenzie.

denying the Faradaic theory of induction, as such would have
been absurd on the face of i t ; but he distinctly laid down the
dictum that the Kuhmkorff coil, more or less modified, formed
the basis upon which all previous experimenters had worked,
and had consequently been utterly unsuccessful. Eegarding
Mr. Madgen's mention of Jablochkoff, I deny that that electrician
ever conceived the idea of a transformer system as it now exists.
I quite recollect the apparatus exhibited by M. Jablochkoff in
Paris at the Great International Electric Exposition of 1881 ;
but that system then shown at work as a " transformer system "
was no more—either theoretically or practically—like what
Graulard discovered than a Wimshurst machine is like a dynamo,
and I do not think the subject worth discussion,

Mr. Kent asked for an explanation, of my statement that
" the secondary current increases as the square of the ampere
" value of the primary." This was the conclusion arrived at by
M. Gaulard in his early experiments, and it was upon his
authority that that assertion was put forth. If such be proved now
not to be the case with existing transformers, it may be due to
the fact that there was less iron in the original Graulard apparatus;
and what iron there was, was magnetised to saturation. s

I referred in my paper at that time to transformers working
in series, and although Mr. Kent has questioned my statement,
he has not said how I was wrong. I believe myself that it
depends upon the number of ampere turns in each coil, but
I would be glad to know what is the true state of the case as
proved by recent investigation.

Professor Thompson has objected to my statement that when
one transformer only is connected to a dynamo it may be
considered as " either in parallel or series;" but I do not see how
anyone can well prove the contrary, in spite of the argument
brought forward by the Professor, since, like a " quarrel," it takes
more than one to make a parallel or series circuit.

Seeing the hour is so very late, I am unable to say more in
answer to the remarks made by the numerous gentlemen who
have joined in the discussion.




